Background: Exertional heat stroke is a devastating condition that can cause significant morbidity and mortality. Rapid cooling is the most effective means of treating heat stroke, but little is published on the safety and logistics of cooling patients on site at a major sporting event.
Over the past 20 years, road races such as triathlons, marathons, and half-marathons have increased in popularity. In 2013 alone, there were 19 million participants involved in 28,200 road races. 20 Many of these events take place in conditions that predispose individuals to developing exertional heat stroke. Exertional heat stroke is the second most common cause of nontraumatic death in competitive athletes. 15 In fact, for every serious cardiac adverse event at races, there are 10 serious cases of heat stroke. 22 The most effective treatment for exertional heat stroke is rapidly cooling the patient. 18 Delays in cooling can lead to morbidity and mortality. 4 A variety of cooling methods have been used in the treatment of exertional heat stroke: ice massage; cooling blankets; cold towels; cool air exposure; ice packs to axilla, groin, and neck; water spray in a body cooling unit; and cold-water immersion. 2, 12, 13, 16 Of these, the most rapid means of lowering core temperature is cold-water immersion (CWI). 7, 10 In the hospital emergency department, CWI may not be practical, as it requires immersion tubs, adequate space, and educated nurses, physicians, and ancillary staff. Even in emergency departments that have immersion tubs, a road race on a hot day can result in multiple heat stroke victims that can quickly overwhelm hospital resources. Additionally, since the outcome of heat stroke patients is dependent on the speed at which their core temperature can be lowered, 18 the time it takes to transport a patient to a local emergency department is time lost that could be spent cooling them.
On-site treatment of exertional heat stroke at major sporting events offers the safest and most efficacious means to rapidly cool patients. Resources can be prepared ahead of time, staff can be trained, and facilities can be designed to accommodate a large number of patients. Numerous organizations including the National Athletic Trainers Association (NATA), 5 the American College of Sports Medicine (ACSM), 1 the American Heart Association and American Red Cross, 14 and the American Academy of Pediatrics (AAP) 3 encourage on-site treatment of exertional heat illness in athletes. In spite of these, no previous papers have described the effectiveness, safety, and logistics of treating exertional heat stroke on site.
This article describes our experience at the Indianapolis Mini-Marathon, the largest half-marathon in the United States. In 2005 we developed a protocol for the on-site event treatment of exertional heat stroke. Our protocol incorporated an easy and cost-effective treatment plan that incorporates CWI. In this descriptive epidemiologic study, we review our protocol and describe the presentations and outcomes of patients treated on site for exertional heat stroke. By means of comparison, we also describe treatment of patients off site (via direct hospital transport).
MATERIALS AND METHODS

Medical Coverage at the Indianapolis Mini-Marathon
The Indianapolis Mini-Marathon is a 13.1-mile running race held the first weekend of May in Indianapolis, Indiana. With over 30,000 participants each year, it is the largest half-marathon in the United States. The course consists of a 13.1-mile running race through the streets of the city with the middle portion (miles 6-8) of the course run around a 2.5-mile Motor Speedway oval. Two venues provide medical care at the race. One is located at the Indianapolis Motor Speedway (IMS) hospital. It is an 18-bed hospital staffed by 8 nurses and 2 physicians. Patients who are in need of medical care while running on the IMS track can self-triage to the hospital or if they develop emergent conditions may be brought to the track hospital by emergency medical services (EMS) stationed around the oval. The other location for medical treatment is located at the race course finish line and consists of 4 medical tents: triage, immediate care, minimal care, and cooling ( Figure 1 ). It is staffed with 18 nurses, 4 paramedics, 8 physical therapists, 1 podiatrist, and 4 emergency physicians. Patients who develop medical problems at or after the finish line can self-triage or if they develop emergent conditions between mile 12 and the finish can be brought in via EMS. Outside of the 2 medical venues, emergency medical providers (EMS) are located at each mile of the race to respond to emergent conditions (eg, cardiac arrest, syncope, orthopaedic injury). Runners suffering from emergent conditions outside of the IMS or before the last mile of the race are transported by EMS to 1 of 2 referral hospitals. Both are level 1 trauma centers with .100,000 patient visits a year. The hospitals are located similar distances from the race course.
Exertional Heat Stroke Protocol
In 2005, the team providing medical coverage for the Indy 500 Mini-Marathon instituted an on-site treatment protocol for participants who develop exertional heat stroke during the last mile of the race or after race completion. A flow diagram of the treatment protocol is represented in Figure  2 . Any patient brought by EMS to the medical triage tent who had a palpable pulse and an altered mental status was immediately transported to the cooling tent ( Figure  1 ). On arrival at the cooling tent, patients had their core temperature taken, an intravenous line placed, and blood drawn for point of care testing of sodium and glucose (i-STAT; Abbott Diagnostics). Any patient who had a temperature 104°F and altered mental status was taken to a cooling tub ( Figure 3 ). Cooling tubs consisted of 50-gallon horse troughs (Rubbermaid) filled with room temperature water and ice. Before submersion, the majority of patients had a rectal thermometer inserted, and an intravenous infusion with room temperature normal saline was begun. Patients were removed from the tub when their core temperatures were approximately 102°F or when their mental status returned to normal. In the event that the number of patients exceeded either the number of available cooling tubs or the number of staff that could man them, patients were cooled with ice packs to the axilla, groin, and neck and were provided intravenous fluids (IVF). Independent of treatment, those patients who reached the target cooling temperature and still had altered mental status or abnormal vital signs were transported via EMS to the hospital. Patients who reached the target cooling temperature and had normal mental status and vital signs were discharged home. This cooling protocol was not instituted at the IMS hospital. Any patient presenting to this medical facility was treated at the discretion of the IMS hospital personnel.
Design and Data Abstraction
We conducted a retrospective epidemiologic study of all patients who developed exertional heat stroke at the Indianapolis Mini-Marathon. This included both patients treated on site at the medical tents, using our previously described exertional heat stroke protocol, and those treated off site (those treated at the IMS hospital or treated at 1 of the 2 local hospitals). The Institutional Review Board of Indiana University School of Medicine approved this study.
Patients were identified using medical charts and EMS run sheets. Both the medical tents and the IMS hospital used medical charts to record patient information, clinician findings, treatment, and disposition. In addition, all EMS transports from the medical tents, the IMS hospital, or the race course were logged and included the ambulance run number, the patient name, and the location to where the patient was transported. An investigator reviewed all the medical records from patients presenting to the medical tents or the IMS hospital between the years 2005 and 2012. In addition, investigators reviewed records of any patient transported from the race to a local hospital. Patient records with a recorded body temperature of .102°F or altered mental status were binned for further data analysis.
Study data were collected and managed using REDCap electronic data capture tools hosted at Indiana University School of Medicine. 11 As described on their website, REDCap (Research Electronic Data Capture; www.project-redcap.org) is a secure, web-based application designed to support data capture for research studies, providing (1) an intuitive interface for validated data entry, (2) audit trails for tracking data manipulation and export procedures, (3) automated export procedures for seamless data downloads to common statistical packages, and (4) procedures for importing data from external sources. Data collection forms were created for both on-site treatment at the medical tents and off-site treatment at the Briefly, data consisted of basic demographic information, vital signs on arrival and after treatment, blood sodium and glucose, cooling modality, and disposition. All the data were stored on a password-protected server, and identifying patient information was removed before final analysis.
Three data abstractors independently reviewed the binned records from the medical tent and IMS hospital and for those patients transported, the individual hospital records. Each patient had data abstracted by 2 reviewers. Using the dual-data entry feature in REDCap, records were compared from each abstractor and discrepancies arbitrated by a third-party review of the chart. The final compiled records were then reviewed, and patients who met our a priori definition of exertional heat stroke who underwent treatment in the medical tent area using our heat stroke protocol were analyzed using descriptive statistics (Excel; Microsoft Corp). For data analysis, we defined exertional heat stroke as any patient with a recorded temperature of 102°F and altered mental status. While there are variable definitions for exertional heat stroke, we purposely chose a more inclusive definition to account for confounders that are inherent to retrospective analysis. For instance, while all medical providers in the tent area were instructed to obtain rectal temperatures, this did not always occur. Oral and axillary temperatures were recorded, or the mode of temperature measurement was not always reported. Therefore, to ensure we did not miss any patients, we purposely chose a temperature lower than most authors report. We choose to broadly define altered mental status as patients who had any of the following recorded in their medical record: delirium, confusion, somnolence, coma, seizure, altered mental status, a recorded Glasgow Coma Scale 14, stuporous, lethargic, obtunded, unconscious, syncope, passed out, combative, uncooperative, collapsed, or unresponsive.
To assure that all patients with exertional heat stroke were captured, we cross-referenced the medical tent records and IMS hospital records with the entire EMS run sheets to identify every patient transferred to the hospital on half-marathon race day. We reviewed the medical records for each of these patients to make sure no heat stroke patients treated at the medical tent were missed. A search of hospital records did not identify heat illness patients who had not been seen by on-site personnel.
RESULTS
Race Demographics
Between 2005 and 2012, over 235,000 persons participated in the race. Of these, 696 patients sought on-site medical attention (Table 1) , and 22 of these met our definition of exertional heat stroke. In addition, 10 patients transported to local hospitals had exertional heat stroke. Collectively, this yields an event rate of 1.3 per 10,000 participants. The majority of exertional heat stroke cases (75%) occurred on the 3 race days with the highest ambient temperature ( Table 1) .
Heat Stroke Cases Managed On Site
Of the 32 patients who developed heat stroke during our study period, 22 (69%) were managed on site at the race finish line medical tents ( Table 2 ). The patients' core temperatures ranged from 102.4°F to 108.5°F. Thirty-five percent of patients had a documented rectal temperature, and in 52% of the cases, the mode of temperature measurement was not documented. The majority of patients (86%) were tachycardic (heart rate .100 bpm). Only 41% had hypotension (systolic blood pressure lower than 100 mm/hg), and no patient had blood pressure \70 mm/hg. The majority of patients were treated with cold-water immersion (68%) with the remaining patients treated with ice packs (neck, Heat stroke was defined as core temperature 102°F and altered mental status.
c Temperature, humidity, and weather conditions at 10 AM on race day were obtained from the Weather Underground website (http:// www.wunderground.com). The race began between 7 AM and 8 AM.
Race Conditions c axilla, groin), cool intravenous fluids, cold towels, or a combination of these modalities. The majority of patients treated on site for heat stroke (59%) were released from the medical tent to home. Of the 9 remaining patients, 6 were seen in a local emergency department and released home, 2 were admitted for overnight observation, and 1 was admitted to the intensive care unit (ICU). All patients transferred from the medical tent and admitted to the hospital had good outcomes. Compared with an on-site admission rate of 41%, patients treated off site had an admission rate of 60%. No patients died from heat stroke.
Heat Stroke Cases Managed Off Site
We identified 10 patients who suffered exertional heat stroke who, because of proximity to the IMS hospital (mile 7 of the race) or because of distance to the medical tents (all cases occurring before mile 12), were treated outside of the medical tents (Table 3) : 1 patient was treated at the track hospital, and 9 patients were transported by EMS directly to a local hospital. Similar to patients treated in the medical tents, these patients had a wide range of temperatures, from 102.8°F to 107.9°F. All of the patients were tachycardic (heart rate .100 bpm), and 2 patients had a systolic blood pressure \100 mm Hg. No patient treated off site was cooled using cold-water immersion. Instead, ice, cool mist, cool IVF, and fans, and in 1 patient a medical cooling device (Arctic Sun), were used to lower body temperature. Patients treated off site had a hospital admission rate of 60%, with 2 patients admitted to the ICU; 1 of these patients was intubated and mechanically ventilated in the ICU for 6 days. No patient treated died, and all had good clinical outcomes.
DISCUSSION
Position statements from many health organizations encourage on-site treatment of exertional heat stroke in athletes. 1, 3, 5, 14 The use of an on-site-treatment protocol for athletes who developed exertional heat stroke at the Indianapolis Mini-Marathon was safe and effective. No deaths from exertional heat stroke occurred during the study period despite patients having core body temperatures as high as 108.5°F. Perhaps a more surprising result from our data is that the majority of patients treated on site for heat stroke were discharged home. It is our general practice that patients can be discharged to home from the medical treatment area when they are asymptomatic, have normal vital signs, are ambulatory, can take oral fluids, and have safe transportation.
While our study was not designed to directly compare outcomes between patients treated on site and off site, there was a trend toward a higher rate of hospital admission in those treated off site. Although our off-site hospitals were within 1 mile of the race venue, the time it takes to identify the heat stroke patient, transport them to the hospital, and begin treatment in the emergency department is time the patient is not being effectively cooled. Furthermore, few hospitals are prepared for CWI. In our study, no patient treated off site underwent CWI treatment. Despite our preparation, some patients with exertional heat stroke did not undergo CWI in the race medical tents. We were unable to determine why this occurred. It is possible that a surge of heat stroke cases overwhelmed our supply tanks or the personnel manning them. Another possibility is that patients were too combative to be placed in a CWI tank. In future studies it will be important to identify and eliminate reasons patients do not undergo CWI. Most of those patients not treated with CWI had ice packs placed over large vessels that, although this is a slower method of cooling than CWI, 6 also appeared to be effective.
Previous studies have shown that the faster you can cool someone's body temperature, the better their clinical outcome. 5 CWI has been shown to be the most rapid means to do this. Cold-water immersion however is a logistical challenge requiring tubs, space, cold water, and personnel dedicated to overseeing the treatment. Because of this, cooling patients with CWI is most effectively done on site. We used inexpensive 50-gallon Rubbermaid horse troughs, purchased at a local farm supply store, to cool patients. The tubs are prefilled with room temperature water, and ice is added when patients are partially submerged. On-site treatment of heat stroke patients also decreases the number of subjects transported to local emergency departments. Because it is difficult to predict when heat stroke cases will occur, local emergency departments may not be prepared to care for a surge of critically ill heatrelated patients. Having a large number of trained and prepared health care providers on site not only allowed for more rapid identification and treatment of patients, but it also decreased the number of patients needing hospital transport. The majority of patients treated on site for heat stroke were able to go home from the race without further intervention. Although a large event like ours requires a significant number of highly skilled nurses, paramedics, and physicians, we have never had difficulty recruiting volunteers for this event. Because all of the staff are volunteers, treatment administered on site is also cost effective.
When we first developed our protocol, we had concerns that medical personnel would be uncomfortable delaying the hospital transfer of the critically ill hyperthermic, unresponsive, and hypotensive patient to immerse them in cold water. Anecdotally we have found this not to be the case. Rather, having witnessed a number of patients rapidly regain normal mental status and vital signs, our volunteer medical personnel are comfortable and are now strong advocates for on-site treatment. However, we have been challenged with poor documentation in many of the patients who were treated at the half-marathon event, in particular with the mode of temperature recording during the exertional heat stroke patients' treatment. Because the medical personnel caring for the patients are often the ones who do the documentation, the method of temperature measurement was often not recorded. Anecdotally, the authors, who work at the event, have noted that protocol deviation is rare and rectal temperatures are typically used for clinical decision making. To facilitate better collection, we now employ volunteers at each event to perform documentation.
The incidence of heat stroke increases with increases in ambient temperature. 7, 9 However, as shown in this study and in other reports, 19 exertional heat stroke can still occur on ''relatively'' cool days. In our study, the highest number of heat stroke cases occurred on a day where the 10 am temperature was 64.9°F (18.3°C). In addition to the weather on the race day, the athlete's temperature acclimation is likely a contributing factor. 21 For instance, those training at a temperature and humidity lower than those on race day may be at increased risk for heat stroke even in temperate conditions. The weather in the Midwest in the beginning of May, the time the Indianapolis Mini-Marathon is held, is highly variable. As it is estimated that it takes 2 weeks to acclimate to exertion in a warm environment, 21 it may be important to know the difference between the training temperature and race temperature in making preparations for potential heat stroke cases. Further studies are needed to confirm this.
There are many additional non-weather-related risk factors for developing exertional heat stroke. 1 Included in this are genetic predisposition, 17 hydration status, sleep 8 Future studies or registries should include these factors to further our understanding of risk factors involved in the development of exertional heat stroke.
Our protocol proved to be safe and effective in treating persons with exertional heat stroke. For those interested in adopting a similar protocol we recommend including the following: 1. A triage system that rapidly identifies heat stroke victims. 2. Have CWI equipment available and trained personnel in place. 3. Have backup cooling plans in case CWI protocol is overwhelmed. 4. Develop a strategy with local EMS for transports and discuss with local hospital emergency departments. 5. Have the capacity to alert participants when conditions are favorable for developing heat-related illness. 6. Provide a public service message to runners to alert them on the factors that predispose to heat-related illness.
CONCLUSION
On-site treatment of exertional heat stroke is safe and effective and may decrease the need to transport patients to the hospital. A similar approach could be adapted for football practice, large mass gathering events in the heat, military training, and for firefighters. Future studies are needed to help predict what race conditions and medical factors further increase the risk for athletes developing heatstroke.
